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(54) Lens barrel 

(57) A lens barrel comprises an optical lens having 
the optical axis, an operation ring (5) substantially cylin- 
drical about the optical axis for operating to move the 
optical lens along the optical axis thereof, and a slidable 
contact member (35) slkJably in contact with the inner 
circumferential surface of the operation ring, the slidable 
contact member providing a specific load for the inner 



circumferential surface thereof. This lens barrel makes it 
possible to change the operational torque of the opera- 
tion force when the slidable contact member moves in 
the optical axis direction, hence changing its contact 
area with the inner circumferential surface of the opera- 
tion ring. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



The present invention relates to an optical barrel 
whereby to manually operate or electrically drive an 
operation ring for operating a focus, a zoom, an iris, or 
other lens, respectively. 

Related Background Art 

Conventionally, such a kind of an optical barrel has 
been installed with a driving unit in order to operate an 
operation ring electrically. The operation ring can be 
operated both electrically and manually. Such driving 
unit comprises a driving motor for electrical operation; a 
driving power transmission mechanism for transmitting 
the driving power of the driving motor to the operation 
ring; and a driving power interruption mechanism for 
interrupting the transmission of the driving power to the 
operation ring in order to perform the manual operation 
thereof. 

Generally, when the operation ring is electrically 
driven, it is necessary to rotate the ring with a lower load 
for the improvement of the rotational speed of the oper- 
ation ring, as well as for the lower dissipation of electric 
power required for driving the driving motor. In contrast, 
there is a need for the provision of an appropriate load 
given to the operation ring so as to facilitate the opera- 
tion thereof when the operation ring is manually oper- 
ated. However, if the structure is arranged so that the 
operation ring is made rotative with a lower load, there 
is a possibility that the operation ring rotates easily just 
by a slight touch. As a result, a problem is encountered 
that it becomes difficult to operate the operation ring 
smoothly when it should be operated at an extremely 
slow speed. With a view to solving such a problem, a 
highly viscous grease, a friction member, or the like has 
been inclusively installed for the sliding portion of the 
operation ring, so that a load is given to the operation 
ring in accordance with the conventional art. 

On the other hand, there is disclosed an optical bar- 
rel in the specification of Japanese Patent Laid-Open 
Application No. 7-310769, which is capable of control- 
ling loads needed for the zooming operation that should 
be carried out in good condition with respect to the 
zoom lens for a large camera used for a television 
broadcasting station. 

However, these conventional devices make it con- 
siderably difficult to incorporate such mechanism in a 
lens barrel having a limited space in it, such as adopted 
for use of a handy lens, because the structure of these 
devices becomes inevitably larger for providing the 
loads of the operating power for them. 
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SUMMARY OF THE INVENTION 



It is a first object of the present invention to install 
an optical barrel which is made smaller, and also, made 
5 capable of obtaining operational loads in good condi- 
tion. 

Also, it is a second object of the invention to install 
an optical barrel capable of setting the exertion of loads 
appropriately both at the time of performing an electric 

10 drive operation and a manual operation thereof. 

Further, it is a third object of the invention to install 
an optical barrel capable of changing loads as desired 
at the time of performing a manual operation thereof. 
More specifically, a lens barrel comprises an optical 

is lens having optical axis; a substantially cylindrical oper- 
ation ring about the optical axis for enabling the optical 
lens to move along the optical axis thereof; a slidably 
contact member to be slidably in contact with the inner 
circumferential surface of the operation ring. The slida- 

20 bly contact member of this lens barrel installs a prede- 
termined friction power on the inner circumferential 
surface thereof. Particularly, the slidably contact mem- 
ber is movable in the direction of the optical axis, and 
the structure is arranged so as to change the opera- 

25 tional torques of the operation ring when the area 
changes with respect to the inner circumferantial sur- 
face. 

More specifically, an optical barrel is arranged to 
enable an optical lens having the optical axis to move by 

30 rotating a substantially cylindrical operation ring about 
the optical axis. This optical barrel is installed with a 
substantially ring-shaped and thin plate of a substan- 
tially having the optical axis as the center thereof, and a 
substantially ring-shaped and elastic member having 

35 the optical axis as the center thereof. Then, a structure 
is arranged so that the cylindrical surface of the opera- 
tion ring and the ring surface of the thin plate should be 
in contact with each other, while the thin plate is biased 
to the operation ring by means of the elastic member. 

40 Also, in accordance with the present invention, the 
lens barrel is an optical barrel that enables an optical 
member having the optical axis to move when a sub- 
stantially cylindrical operation ring is caused to rotate 
about the optical axis. This lens barrel allows a substan- 

45 tially ring type thin plate having the optical axis as the 
center thereof to be in contact with the cylindrical sur- 
face of the operation ring, at the same time, making the 
area of the contact surface variable. 



so BRIEF DESCRIPTION OF THE DRAWINGS* 

Fig. 1 is a sectional side view which shows a lens 
barrel embodying the present invention. 

Fig. 2 is a rear view which shows the lens barrel 
55 shown in Fig. 1. 

Fig. 3 is a partially sectional view which shows a 
driving unit. 

Fig. 4 is a view which illustrates operation of the 
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driving unit shown in Fig. 3 

Fig. 5 is a partially sectional view which shows a 
load adjustment mechanism. 

Fig. 6 is a partial front view which shows the load 
adjustment mechanism shown in Fig. 5. s 

Fig. 7 is a partial plan view thereof. 

Fig. 8 is a cross-sectional view which shows the 
state when a friction ring is installed. 

Fig. 9 is a detailed view which shows the switching 
knob of a supporting member. 10 

Fig. 10 is a cross-sectional view which shows the 
state where one variational example of the friction ring 
is installed. 

Fig. 1 1 is a partially cut off side view which shows a 
lens barrel embodying the present invention. is 

Fig. 12 is a rear view which shows the lens barrel 
shown in Fig. 1 . 

Fig. 13 is a partially sectional view which shows a 
driving unit. 

Fig. 14 is a view which illustrates operation of the 20 
driving unit 

Fig. 15 is a partial enlargement of a vertically sec- 
tional view of the driving unit 

Fig. 16 is a partial enlargement of a horizontally 
sectional view of the driving unit. 25 

Fig. 17 is a partial enlargement of a front view 
thereof. 

Fig. 18 is a partial enlargement of a front view 
which shows a load adjustment knob and the portion in 
the vicinity thereof. 30 

Fig. 19 is a view which schematically shows a 
switching knob. 

Fig. 20 is a partially enlarged sectional view which 
shows another embodiment in accordance with the 
present invention. 35 

Rg. 21 is a partially side view which shows an opti- 
cal device embodying the present invention. 

Fig. 22 is a rear view which shows the optical 
device shown in Fig. 21. 

Ftg. 23 is a structural view which schematically 40 
shows the driving mechanism of the driving unit of the 
optical device shown in Rg. 21 . 

Fig. 24 is a view which illustrates the function of the 
driving mechanism of the driving unit shown in Fig. 23. 

Fig. 25 is a partially sectional view of the optical as 
barrel that shows the relational arrangement of the fixed 
barrel, operation ring, sipporting member, and load 
adjustment knob of the optical device shown in Rg. 21. 

Fig. 26 is a partial front view which shows the opti- 
cal barrel shown in Rg. 25. so 

Fig. 27 is a plan view which shows the load adjust- 
ment knob shown in Fig. 25. 

Fig. 28 is a plan view which shows the state of 
installation of the fixed barrel, operation ring, and sup- 
porting member shown in Fig. 25. 55 

Rg. 29 is a structural view which schematically 
shows a switching mechanism of manual and electric 
drive operation. 



Fig. 30 is a partially sectional view which shows the 
relational arrangement of the fixed barrel, operation 
ring, supporting member, and load adjustment knob of 
an optical device in accordance with another embodi- 
ment of the present invention. 

Rg. 31 is a partial front view which shows the opti- 
cal barrel shown in Fig. 30. 

Fig. 32 is a plan view which shows the load adjust- 
ment knob shown in Fig. 30. 

DETAItED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, with reference to the accompanying 
drawings, the detailed description will be made of the 
embodiments in accordance with the present invention. 

Rg. 1 is a partial side view showing a lens barrel 
embodying the present invention. Rg. 2 is a rear view 
thereof, in which the optical barrel is arranged for use of 
a phototaking lens adopted for a television camera, for 
example, and a driving unit 2 is installed for the main 
body 1 of the apparatus. For the fixed barrel 3 of the 
apparatus main body 1 , substantially cylindrical opera- 
tion rings 4, 5, and 6 are rotatively installed in order to 
operate optical members having the optical axis (not 
shown) such as a focus lens, a zoom lens, an iris lens, 
respectively. Then, the driving unit 2 is assumed to elec- 
trically operate the operation ring 5 for use of the zoom 
lens, for example. For the driving unit 2, a switching 
knob 2a is arranged in order to switch the electric drive 
or the manual drive of the operation ring 5 as shown in 
Rg- 2. 

As shown in Fig. 3 which is a partially cross-sec- 
tional view, the tooth 8a of the intermediate gear 8, 
which is slidably supported on the fixed shaft 7, is 
arranged to engage with the tooth 5a formed on the 
outer circumference of the operation ring 5 for the driv- 
ing unit 2. With the intermediate gear 8, the pin 10 of a 
clutch plate 9 engages to cause the intermediate gear 8 
to shift forward and backward by the rotation of the 
clutch plate 9. An output gear 1 1 engages with the inter- 
mediate gear 8. The output gear 1 1 is connected with a 
driving motor 13 through transmitting means 12. In this 
case, a sleeve 15 is fixed to the output shaft 14 of the 
transmitting means 12 by means of a pin 16. The output 
gear 1 1 is rotatively mounted on the sleeve 15. Further, 
the sleeve 1 5 is biased by a springj 8 by way of a sliding 
washer 17. 

Thereby, a limiter mechanism is constituted. For 
example, if a lens does not move any Jonger at the 
zooming end and the load given to the operation ring 5 
becomes excessive, the driving power of the driving 
motor 1 3, which is transmitted to the operation ring 5, is 
restricted. Also, if the operation ring 5 should manually 
be operated, the engagement between the intermediate 
gear 8 and the output gear 1 1 is released when the 
clutch plate 9 is rotated about the axis 9a as shown in 
Rg. 4. 
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Fig. 5 is a partially cross-sectional view which 
shows the load adjustment mechanism of the operation 
ring 5, taken in the optical axis direction thereof. Fig. 6 
is a partial side view of such mechanism shown on the 
plane, taken in the direction perpendicular to the optical 
axis. Fig. 7 is a partial plan view wherein the mechanism 
shown in Fig. 5 or 6 is viewed from the heaven, 
observed from the above. On the outer circumference of 
the fixed barrel 3, which is installed in front of the oper- 
ation ring 5, for example, a substantially cylindrical sup- 
porting member 31 is arranged. This supporting 
member is released by means of a switching knob, 
which will be described later, at the time of electric oper- 
ation. This member is fixed with respect to the fixed bar- 
rel 3 at the time of manual operation. As shown in Fig. 
8, which is a partial plan view, a ring-shaped elastic 
member 32 is installed on the outer circumference of 
the supporting member 31. Likewise, on the outer cir- 
cumference of the elastic member 32, a ring type thin 
plate member 33 is installed. The thin plate member 33 
is fixed to the supporting member 31 by means of fixing 
screws 34. 

Also, on the outer side of the thin plate member 33, 
a substantially cylindrical friction ring 35 is slidably 
arranged. For the friction ring 35, an adjustment pin 36 
is installed outwardly in order to adjust the friction power 
thereof. It is arranged to transmit the rotation of the 
operation ring 5 to the rational barrel 38 in the barrel 22 
by way of a pin 37. Between the friction ring 35 and the 
operation ring 5, a feed screw 39 resides inclusively. 
The feed screw 39 is for example of a helicoid type, so 
as to displace the friction ring 35 in the thrusting direc- 
tion. For the friction ring 35, a male screw is installed, 
while a female screw is installed for the operation ring 5. 
In this way, the friction ring 35 is made movable forward 
and backward when adjustment is made. On the other 
hand, a cover 40 is fixed on the outer circumference of 
the operation ring 5 by means of a knob 41 so as to 
cover the adjustment pin 36. On the inner circumference 
of the cover 40, a pin locking member 42 is fixed by 
means of fixing screws 43 so as to lock the adjustment 
pin 36. 

For the operation ring 5, a hole 5b is formed in the 
diagonal direction (see Fig. 7) when the adjustment pin 
36 rotates. For the pin lock member 42 which is fixed to 
the cover 40, a number of round grooves 42b shown in 
Fig. 7 are arranged on the front wall side of the guide 
hale 5b, for example, so as to allow the adjustment pin 
36 to be fitted into each of the grooves for positioning. 
On the left side end of the guide hole 5b, a label 44 is 
affixed to indicate "HEAVY", while on the right side end 
of the guide hole 5b, a label 45 is affixed to indicate 
"LIGHT. 

Then, when the adjustment pin 36 is caused to shift 
in the direction toward the label indicating "HEAVY", the 
friction ring 35 shifts forward, that is, to the supporting 
member 31 side, while being rotated. Hence, the con- 
tact area is increased between the friction ring 35 and 



the thin plate member 33. Also, if the adjustment pin 36 
is caused to shift in the direction toward the label indi- 
cating TIGHT, the friction ring 35 shifts to the side 
opposite to the supporting member 31 so that the con- 

5 tact area is decreased between the friction ring 35 and 
the thin plate member 33. 

Then, as shown in Fig. 9, the arrangement is made 
to switch the supporting member 31 by means of the 
switching knob 2a between the electric drive and man- 
to ual operation. The switching knob 2a is integrally 
formed with an eccentric cam 51 . The eccentric cam 51 
is arranged in the interior of the hole 53 of a sliding plate 
52. The sliding plate 52 is supported by supporting 
plates 54 and 55, and biased to the supporting member 

15 31 side by means of a flat spring 56. For the sliding plate 
52, a triangle-toothed gear, a knurled gear, or some 
other simple gear 52a is installed to engage with the 
tooth 31a of the supporting member 31. 

Now, reverting to Fig. 5, the elastic member 32 

20 biases the ring type thin plate member 33 by the appli- 
cation of an even and reasonable power so that this 
member is in to be in contact with the inner circumferen- 
tial surface of the operation ring 5. Here, the material, 
such as sponge rubber, which has good resistance to 

25 aged deterioration with excellent oil resistance, and is 
also capable of absorbing the irreguralities of the sliding 
surface, is used for the elastic member 32. 

Also, the thin plate member 33 is formed by metal, 
synthetic resin or the like having a thickness of prefera- 

30 bly 0.05 to 0.15 mm, and its size is made such as to 
enable the outer circumference thereof to slightly abut 
upon the inner circumferential surface of the friction ring 
35. If the friction ring 35 should be off-positioned from 
the thin plate member 33, the corner portion of the fric- 

35 ton ring 35 may be hooked by the thin plate member 33. 
In order to avoid this hooking, an edge portion of the thin 
plate 33 is partly rounded, and the friction ring 35 is 
chamfered simultaneously. The elastic member 32 and 
the think plate member 33 are installed on the support- 

40 ing member 31 after its convex posture has been 
adjusted by means of a jig or the like 

Further, between the thin plate member 33 and the 
friction ring 35, newton fluid, such as grease, having an 
appropriate viscosity is installed to apply a desired load 

45 on the operation ring 5. The portion that gives a first 
load to the operation ring 5 is.formed by the thin plate 
member 33, the friction ring 35. and grease. In this 
respect, grease generates viscous resistance to install 
the smooth stability for the operation ring 5 without any 

so sense of hooking, rolling, slipping, or the like*and at the 
same time, it is arranged to apply loads so that a sense 
of lightness is given at the time of slower rotation, while 
a sense of heaviness is given at the time of faster rota- 
tion. 

55 In this respect, the reasons why the thin plate mem- 
ber 33 and the friction ring 35 are arranged to be evenly 
and slightly in contact with each other are that if an 
excessive gap is given between the thin plate member 
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33 and the friction member 35 so as not to allow them to 
be in contact, slippage may take place when handling 
the operation ring 5 or the handling sense becomes 
extremely unfavorable, and that if, on the contrary, the 
outer diameter of the thin plate member 33 is made 5 
larger than the inner diameter of the friction ring 25 so 
as to allow it to be in contact with the friction ring inten- 
sively, sliding resistance is created by friction in addition 
to the viscous resistance of grease, hence making slid- 
ing resistance stronger in some cases, with a fear that 7 o 
dryness may be sensed when handling the operation 
ring. 

By the structure described above, at first, if the 
operation ring 5 is driven electrically, a switching lever 
(not shown) and the switching knob 2a are set for the 75 
use of electric drive (see Fig. 2). Then, the switching 
lever thus set causes the clutching plate 9 (see Fig. 3) to 
rotate to the right so that the intermediate gear 8 
engages with the output gear 11. Also, the switching 
knob 2a thus set causes the eccentric cam 51 to rotate 20 
to release the engagement between the simple gear 
52a of the sliding plate 52 and the gear 31a of the sup- 
porting member 31 . In this way, the driving power from 
the driving motor 13 can be transmitted to the operation 
ring 5 to make the supporting member 31 rotative. At 25 
this juncture, the portion between the fixed barrel 3 and 
the supporting member 31 is assumed to apply a sec- 
ond load on the operation ring 5. 

When the driving power of the motor is given to the 
operation ring 5 in this state, the operation ring 5 and 30 
the supporting member 31 are rotated together with 
respect to the fixed barrel 3, because the sliding resist- 
ance, which is the sum of the viscous resistance of 
grease and friction resistance between the thin plate 
member 33 and the friction ring 35, that is, the first load, 35 
is greater than the second load. In this case, since the 
load to the operation ring 5 is determined by the sliding 
resistance between the fixed barrel 3 and the support- 
ing member 31 , the operation ring 5 becomes rotative in 
condition that it receives only an extremely small sliding 40 
resistance constantly. In other words, the rotational bar- 
rel 38 can rotate without applying any considerable load 
on the motor. Also, if the load to the operation ring 5 
becomes more than a given amount the limiter mecha- 
nism of the driving unit 2 functions to enable the sleeve 45 
15 to slide with respect to the output gear 11 as in the 
case of the lens driving system 38 moving to the opera- 
tion end where it comes to an abrupt stop, for example. 
In this way, the rotation of the output gear 1 1 is sus- 
pended so as to prevent the teeth 5a and 8a from being so 
damaged. 

On the other hand, when the operation ring 5 
should be handled manually, the switching lever and the 
switching knob 2a are set for use of manual operation. 
The switching lever thus set enables the clutching plate ss 
9 to rotate to the left so that the engagement between 
the intermediate gear 8 and the output gear 11 is 
released (see Fig. 4). Also, the switching knob 2a thus 



set enables the eccentric cam to rotate. Then, the sim- 
ple gear 52a of the sliding plate 52 and the gear 31a of 
the supporting member 31 are allowed to engage. In 
this way, the transmission of the driving power from the 
driving motor 13 to the operation ring 5 is cut off. At the 
same time, the rotation of the supporting member 31 is 
blocked with respect to the fixed barrel 3. 

If the operation ring 5 is manually operated in this 
state, the friction ring 35 rotates together with the oper- 
ation ring 5. At this juncture, a load is applied on the 
operation ring 5 due to the size of the contact area 
between the thin plate member 33 and the friction ring 
35, as well as the magnitude of the viscous resistance 
of grease and sliding resistance between them. There- 
fore, the operator can rotate the operation ring 5 with an 
appropriate amount of load given to it. 

Here, when the load to the operation ring 5 is 
adjusted, the cover 40 is removed from the operation 
ring 5, and the lock is released. Then, the adjusting pin 
36 is made shiftable in the direction toward the TIGHT 
position or the "HEAVY" position. The friction ring 35 
shifts in the optical axis direction along the feed screw 
39 (as indicated by arrows in Fig. 5). Hence, the contact 
area between the thin plate member 33 and the friction 
ring 36 changes. In proportion to the changes of the 
contact area, the viscous resistance of grease and the 
sliding resistance change to apply a load on the opera- 
tion ring 5 as desired. At this juncture, the adjustment 
pin 36 should be positioned, and the cover 40 is 
installed on the operation ring 5. Then, the adjustment 
pin 36 is pushed in the nearest round groove 42a to fix 
the adjustment pin 36. 

As described above, in accordance with the present 
embodiment, the friction ring 35 is caused to move with 
respect to the thin plate member 33, thereby giving a 
load on the operation ring 5 as desired. Therefore, it 
becomes possible for the operator himself to adjust the 
load given to the operation ring 5 as he desires depend- 
ing on the object of photography, phototaking environ- 
ment, or the like. Also, the load applied on the operation 
ring 5 is minimized when electrically driven. Therefore, 
the rotational speed of the operation ring 5 can be 
increased, while reducing the amount of power dissipa- 
tion. 

Also, the contact area between the thin plate mem- 
ber 33 and the friction ring 25 changes while the friction 
ring 25 is rotating. Therefore, itjbecomes possible to 
prevent the slippage or shortage of grease, among 
some other defective provision thereof. Also, since the 
thin plate member 33 is closely in contact with the fric- 
tion ring 35, it is possible to give a desired load on the 
operation ring 5 immediately after the friction ring has 
moved. Also, the thin plate member 33 is naturally in 
contact with the friction ring 35. Therefore, it is possible 
to prevent the occurrence of any abrupt movement 
when the operation is actuated, and at the same time, to 
enable the friction ring 35 to follow the thin plate mem- 
ber 33 in good condition when the rotation is reversed. 



9 



EP0 848 271 A1 



10 



Further, since the friction ring 35 is arranged on the 
inner side of the operation ring 5, the unit can be fabri- 
cated compactly to remove the backlash and abrupt 
movement of the power transmission mechanism of the 
driving unit 2, and other unfavorable influences as well. 5 

Here, the cover 40 is also installed for the operation 
ring 5, making it possible to prevent dust particles, water 
droplets, or the like from adhering to the feed screw 39 
and others in the cover 40. Also, with the pin lock mem- 
ber 42 which is arranged for the cover 40, it becomes 10 
possible to automatically lock the adjustment pin 36 
when the cover 40 is installed. Also, the adjustment pin 
36 is made shiftable just by removing the cover 40. This 
arrangement makes it easy to adjust the load to be 
applied on the operation ring 5, while eliminating any 15 
errors in making the adjustment Further, the first load 
between the thin plate member 33 and the friction ring 
35 is set to be greater than the second load between the 
fixed barrel 3 and the supporting member 31 . Therefore, 
the operation ring 5 can be rotated smoothly with the 20 
provision of an appropriate load having the sense of 
grease being present at the time of manual operation. 

In this respect, the operation ring 5 and the friction 
ring 35 are connected by means of the helicoid type 
feed screw. However, it may be possible to use cam or 25 
the like. Also, for fixing the adjustment pin 36, the pin 
locking member 42 is used. However, it may be possible 
to make the arrangement so that rubber or some other 
elastic member is fixed to the cover 40 in order to press 
the adjustment pin 36 by means of such elastic member 30 
only when the cover 40 is installed. Also, interlocked 
with the operation of the switching knob 2a, the driving 
system and the sliding plate 52 are made switchable. 
With this arrangement, not only the operation is facili- 
tated, but also, errors are prevented in executing the 35 
operation. 

Also, if the load cannot be applied on the operation 
ring 5 as desired only by means of the viscous resist- 
ance of grease, it is possible to install a load greater 
than that one for the operation ring 5 by providing a 40 
slight taper e for the contact surface between the thin 
plate member 33' and the friction ring 35' as shown in 
Fig. 1 0. In this case, the structure is arranged so that the 
outer diameter of the thin plate member 33* may 
become greater than the inner diameter of the friction 45 
ring 35* gradually from the state where the thin plate 
member 33* does not abut upon the friction ring 35\ and 
then, the friction resistance resulting from the compres- 
sion force is added to the viscous resistance of grease. 
In this way, it becomes possible to shift the setting of so 
load from the "LIGHT position to the "HEAVY" position 
without a sense of incompatibility. 

Here, the loads can be set as desired for the opera- 
tion ring 5 of a handy lens for use of television camera. 
However, this invention is also applicable to the load ss 
adjustment mechanism that may be adoptabie for the 
one-axis two-operation zooming lens, such as adopted 
for a larger lens of television camera, which is disclosed 



in the specification of Japanese Patent Laid-Open 
Application No. 7-310769 regarding a brake mecha- 
nism, control mechanism, operational force adjustment 
device, and optical barrel. 

As described above, for the optical barrel of the 
present invention, a load adjustment mechanism is 
installed for adjusting the loads to be applied on the 
operational member. Therefore, by adjusting the load to 
be smaller, it is possible to enhance the rotational speed 
of the operational member. Also, by adjusting the load k 
appropriately, it is possible to make the operational 
member functional as desired by the operator depend- 
ing on the object to be phototaken, phototaking environ- 
ment, and the like. 

Now, with reference to Fig. 11 to Fig. 20, the 
description will be made of the embodiments in accord- 
ance with the present invention. 

Fig. 1 1 is a partial side view showing a lens barrel 
embodying the present invention. Fig. 12 is a rear view 
thereof, in which the optical barrel is arranged for use of 
a phototaking lens 101 installed on an optical appara- 
tus, such as a television camera, and also, a driving unit 
102 is installed for the phototaking lens 101. in the fixed 
barrel 103 of the phototaking lens 101, there are 
arranged a focus lens, a zoom lens, an iris, and the like 
(not shown), which share one optical axis. On the outer 
circumference of the fixed barrel 103, substantially 
cylindrical operation rings 104, 105, and 106 are rota- 
tively arranged in order to operate the focus lens, the 
zoom lens, the iris, and some others, respectively. 

The driving unit 102 is constituted so as to drive the 
operation ring 105, for example. For the driving unit 102, 
an operational member 102a is arranged to operate the 
operation ring 5. As shown in Fig. 1 3 which is a partially 
cross-sectional view, the intermediate gear 108 is slida- 
bly and rotataWy supported on the fixed shaft 7. The 
tooth 108a of the intermediate gear 108 is arranged to 
meshed freely with the tooth 105a of the operation ring 
105. With the intermediate gear 108, the pin 110 of a 
clutch plate 109 engages to cause the intermediate 
gear 1 08 to shift forward and backward by the rotation of 
the clutch plate 109. Then, the structure is arranged so 
that interlocked with a switching knob, which will be 
described later, the clutch plate 1 09 is driven. 

An output gear 1 1 1 is meshed with the intermediate 
gear 1 08. The output gear 111 js connected with a driv- 
ing motor 1 13 by way of transmitting means 1 12. In this 
case, a sleeve 1 15 is fixed by a pin 1 16 to the output 
shaft 1 14 of the transmitting means 12. The output gear 
111 is rotatably mounted on the sleeve 11 5. Then, the 
sleeve 1 15 is biased by a spring 118 toward the driving 
motor 113 side by way of a sliding washer 117. In this 
way, a torque limiter is constituted. If a zoom lens does 
not move any longer at the zooming end and the load 
given to the operation ring 105 becomes excessive, the 
driving power of the driving motor 113. which is trans- 
mitted to the operation ring 105, is restricted, while the 
sleeve 1 15 is being rotated idly with respect to the out- 
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put gear 111. 

Also, when the operation ring 105 is electrically 
driven, the intermediate gear 108 is allowed to shift to 
be in the state described above. If the operation ring 
105 should be manually operated, the clutch plate 109 5 
is rotated around the axis 109a to release the engage- 
ment between the intermediate gear 108 and the output 
gear 111 as shown in Fig. 14, hence interrupting the 
transmission of the driving power from the driving motor 
1 1 3 to the operation ring 1 05. w 

Here, as shown in Fig. 15 which is a partial enlarge- 
ment of a vertically sectional view, Fig. 16 which is a 
partial enlargement of a horizontally sectional view, and 
Fig. 17 which is a partial enlargement of a plan view, 
respectively, there is arranged a lens driving system 38 is 
installed with a 200m lens in the fixed barrel 103. This 
lens driving system 38 is connected with the operation 
ring 105 by way of a pin 122. On the inner circumferen- 
tial surface of the operation ring 105, a substantially 
cylindrical elastic member 123 is fixed by means of a 20 
fastener, bonding adhesion or the like. The elastic mem- 
ber 123 is fixed to the operation ring 115 after its convex 
posture is adjusted by means of a jig or the like. 

On the outer circumference of the fixed barrel 103 
on the inner circumferential surface side of the elastic 25 
member 123, a substantially cylindrical load application 
member 126 is arranged to be displaceable in the cir- 
cumferential direction and the optical axis direction. The 
load application member 126 is switchable by means of 
the switching knob, which will be described later, to 30 
make the electric operation or the manual operation 
possible. In this respect, the structure is arranged so 
that this member is displaceable in the state that the 
electric operation is made executable, but it is fixed to 
the fixed barrel 1 03 in the state of the manual operation. 35 

The inner circumferential surface of the elastic 
member 123 and the slidably contact portion 127 of the 
outer circumferential surface of the load application 
member 126 is pressed to be in contact by means of 
grease or some other viscous fluid. The slidably contact 40 
portion 127 is thus arranged to generate sliding resist- 
ance. Also, the sliding resistance of the slidably contact 
portion 127 is made greater than the sliding resistance 
of the slidably contact portion 128 between the load 
application member 126 and the fixed barrel 1 03. 45 

The operation ring 105, which is installed with load 
by means of the load application member 126 thus 
arranged, is biased by the fixed ring 130 fixed to the 
fixed barrel 103 by means of a screw 129. As a result, 
the operation ring is made rotative without any back- so 
lash. Then, as shown in Fig. 18 which is a partial plan 
view, the supporting member 131 is arranged on the 
outer circumference of the fixed ring 130. For the sup- 
porting member 131, a load adjustment knob 132 is 
installed. 55 

On the bottom surface of the load adjustment knob 
132, a pin 133 is installed. The pin 133 is fitted into the 
groove 126a of the load application member 126 



through the circularly elongated hole 130a drilled 
through the fixed ring 130. The pin 133 is positioned to 
be eccentric to the load adjustment knob 1 32. When the 
load adjustment knob 132 is made to be rotated, the pin 
133 shifts in the optical axis direction to drive the load 
application member 126 also in the optical axis direc- 
tion. The arrangement is thus made so as to change the 
area of the slidably contact portion 127 between the 
elastic member 123 and the load application member 
126. 

Also, to the surface of the supporting member 131 
in the circumference of the load adjustment knob 1 32, a 
label 134 marking "LIGHT is affixed to indicate that the 
load to be applied on the operation ring 105 is lighter, 
and a label 135 marking "HEAVY" is also affixed to indi- 
cate that the load to be applied thereon is heavier. Here, 
calibrations 136 are installed to divide the portion 
between these labels 134 and 135. The calibrations 136 
serve as index of the degree of each load given to the 
operation ring 105. When the load adjustment knob 132 
rotates in the direction toward the "LIGHT, the area of 
the slidably contact portion 127 is decreased to reduce 
the load given to the operation ring 105. When the load 
adjustment knob 132 rotates in the direction toward 
"HEAVY", the area of the slidably contact portion 127 is 
increased. The load given to the operation ring 105 is 
increased accordingly. 

Then, as schematically shown in Fig. 19, the 
arrangement is made to change the load application 
member 126 by means of the switching knob 140 over 
the electric drive or manual operation. The switching 
knob 1 40 is integrally formed with an eccentric cam 141. 
The eccentric cam 141 is arranged in the interior of the 
hole 143 of a sliding plate 142. The sliding plate 142 is 
slidably supported by supporting plates 144 and 145, 
and biased onto the load application member 126 side 
by means of a flat spring 146 both ends of which are 
fixed to the sliding plate 1 42. For the sliding plate 1 42, a 
triangle-toothed gear, a knurled gear, or some other 
simple gear 52a, for example, is arranged to meshed 
with the tooth 126b of the load application member 126. 

Here, the material, such as sponge rubber, which 
exerts even and reasonable elasticity, and installs good 
resistance to aged deterioration with excellent oil resist- 
ance, and which 'is also capable ot absorbing the irre- 
guralities of the sliding surface, is used for the elastic 
member 32 to enable it to* be in contact with the load 
application member 126 with such even and reasonable 
elasticity. 

Also, grease is applied to between th§ elastic mem- 
ber 123 and the load application member 126, as vis- 
cous fluid having an appropriate viscosity to install the 
smooth stability for the operation ring 105 without any 
sense of hooking, rolling, slipping, or the like, and at the 
same time, it is arranged to apply loads so that a sense 
of lightness is given at the time of slower rotation, while 
a sense of heaviness is given at the time of faster rota- 
tion. Then, the arrangement is made to apply a f irst load 
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on the operation ring 105 by means of the elastic mem- 
ber 123, load application member 126, and grease cor- 
responding to an area of the slidably contact portion 
1 27 between the elastic member 1 23 and the load appli- 
cation member 126. On the other hand, a second 
extremely little load is applied on the slidably contact 
portion 128 between the fixed barrel 310 and the load 
application member 126. 

In this respect, if a gap is provided between the 
elastic member 123 and the load application member 
126 so as not to allow them to be in contact, slippage 
may take place when handling the operation ring 105 or 
the handling sense becomes extremely unfavorable. If, 
on the contrary, the inner diameter of the elastic mem- 
ber 123 is made smaller than the outer diameter of the 
load application member 126 so as to allow them to be 
in contact intensively, sliding resistance is created by 
friction in addition to the viscous resistance of grease, 
hence making friction resistance stronger in some 
cases, with a fear that dryness may be sensed when 
handling the operation ring. Therefore, it is necessary to 
enable the elastic member 123 and the load application 
member 126 to be in contact evenly and lightly. 

When the operation ring 105 of the optical barrel 
thus arranged is driven electrically, the switching knob 
140 is changed over for the use of electric drive. Then, 
the clutching plate 10 of the driving unit 102 is caused to 
rotate to the right so that the intermediate gear 108 
moves and the tooth thereof are meshed with the tooth 
105a of the operation ring 105. Here, the eccentric cam 
105 rotates, and the sliding plate 142 moves, thus 
releasing the engagement between the simple gear 142 
and the tooth 126b of the load application member 126. 
In this way, the driving power of the driving motor 113 
can be transmitted to the operation ring 105 to cause 
the load application member 126 to rotata At this junc- 
ture, the extremely small second load is applied at the 
slidably contact portion 128 between the fixed barrel 
103 ard the load application member 126. 

When the driving power of the driving motor 1 13 is 
transmitted to the operation ring 105 in this state, the 
operation ring 105 aid the load application member 126 
rotate together with respect to the fixed barrel 103, 
because the first load applied on the slidably contact 
portion 127 between the elastic member 123 and the 
load application member 1 26 is greater than the second 
load applied on the slidably contact portion 128 
between the fixed barrel 103 and the load application 
member 126. In this case, since the load given to the 
operation ring 105 has becomes the second one, the 
operation ring 105 can rotate in condition that it receives 
only an extremely small sliding resistance constantly. 
Thus, there is no possibility that large load is applied on 
the driving motor 1 13. 

Also, if the load to the operation ring 105 becomes 
more than a given amount as in the case where the lens 
driving system 121 has arrived at the operation end, for 
example, the torque limiter mechanism of the driving 



unit 102 functions to enable the sleeve 1 15 to slide with 
respect to the output gear 111. In this way, the tooth 
105a of the operation ring 105 and the tooth 8a of the 
intermediate gear 108 are prevented from being dam- 
5 aged. 

On the other hand, when the operation ring 105 
should be handled manually, the switching knob 140 is 
changed over for use of manual operation. Thereby, the 
clutching plate 1 09 of the driving unit 1 02 rotates toward 

10 the left so that the engagement between the tooth 108a 
of the intermediate gear 108 and the tooth 105a of the 
operation ring 105 is released. Also, the eccentric cam 
141 rotates. Then, the simple gear 142a of the sliding 
plate 142 engages with the tooth 126b of the load appli- 

15 cation member 126. In this way, the transmission of the 
driving power is interrupted between the driving motor 
113 and the operation ring 105. At the same time, the 
rotation of the load application member 126 is sus- 
pended with respect to the f ixed barrel 103. 

20 If the operation ring 105 is handled manually in this 
state, the operation ring 105 rotates by means of the 
first load applied on the slidably contact portion 127 
between the elastic member 123 and the load applica- 
tion member 1 26. At this juncture, if the load adjustment 

25 knob 32 rotates in between the "LIGHT indication label 
134 and the "HEAVY" indication label 135, the load 
application member 126 moves in the optical axis direc- 
tion to cause the area of the slidably contact portion 127 
between the elastic member 123 and the load applica- 

30 tion member 126 to be increased or decreased, and 
also, the viscous resistance of grease is caused to 
change corresponding to the changes of area of the sli- 
dably contact portion 127. Hence, the load applied on 
the operation ring 105 increases or decreases. 

35 As described above, in accordance with the first 
embodiment, the load application member 126 is 
installed between the fixed barrel 103 and the operation 
ring 105 in such a manner that the load application 
member 126 can be displaced, being in contact with 

40 both the fixed barrel 1 03 and the operation ring 1 05. At 
the same time, the elastic member 12? is arranged on 
the inner circumferential surface of the operation ring 
105 to be in contact with the load application member 
126. The siding resistance of the sfidpbly contact por- 

45 tion 127 between the elastic member 123 and the load 
application member 127 is made greater than the slid- 
ing resistance of the slidably contact portion 128 
between the fixed barrel 103 and the load application 
member 1 26. Therefore, if the load application member 

so 126 is displaced in the optical axis direction 1o change 
the area of the slidably contact portion 127, the load to 
be applied on the operation ring 105 can be set as 
desired. As a result, it becomes possible for an operator 
himself to adjust the load given to the operation ring 1 05 

55 as he desires depending on the object of photography, 
the phototaking environment, or the like. Also, at the 
time of electric operation, the load given to the operation 
ring 105 is applied only by an extremely small and con- 
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stant sliding resistance of the slidably contact portion 
128. Therefore, the rotational speed of the operation 
ring 105 can be improved, while reducing the amount of 
power dissipation of the driving motor 1 13. 

Further, since the elastic member 123 is closely in s 
contact with the load application member 126, it is pos- 
sible to apply a desired load on the operation ring 105 
immediately after the load application member 126 is 
displaced in the optical axis direction. Also, the elastic 
member 123 and the load application member 126 are ic 
naturally in contact with each other. Therefore, it is pos- 
sible to prevent the occurrence of any abrupt movement 
when the operation ring 105 is activated. At the same 
time, the operation ring 105 can follow the elastic mem- 
ber in good condition when the rotation of the operation is 
ring 105 is reversed. Moreover, since it is made possible 
to switch over the driving motor 113 and the load appli- 
cation member 126 at a time by the operation of the 
switching knob 140, the operation ring 105 can be han- 
dled easily, while preventing any errors in handling it 20 

In this respect, it may be possible to arrange a click- 
ing mechanism inside the load adjustment knob 132 for 
the multiple-stage load adjustment in order to install 
loads in a stepping fashion. 

Fig. 20 is a partially enlarged sectional view which 25 
shows an optical barrel in accordance with still further 
embodiment of the present invention. A ring type thin 
plate member 151 is installed between the elastic mem- 
ber 123 and the load application member 126, which 
are installed in accordance with the previous embodi- 30 
ment. This thin plate member is slidably in contact with 
almost the entire area of the outer circumferential sur- 
face of the load application member 126. The thin plate 
member 1 51 is fixed to the operation ring 1 05 by means 
of fastening members 124 and 125. Then, grease is 35 
applied to the slidably contact surface 152 between the 
thin plate member 151 and the load application member 
126. A first load is applied to this slidably contact sur- 
face 152, by means of a sliding resistance which is the 
sum of the viscous resistance of grease and the friction 40 
resistance. 

With the present embodiment, it is possible to 
obtain a same effect such as the previous embodiment 
In addition, with the provision of the thin plate member 
1 51 , it becomes possible to select the material and con- 45 
figuration which are most suitable for the functional exe- 
cution of the compression generating portion and 
slidably contact portion 152, hence enhancing the capa- 
bility and durability in this respect. 

Here, in accordance with the embodiment so 
described above, the elastic member 123 evenly 
presses the outer circumferential surface of the load 
application member 126, while the thin plate member 
151 is slidably in contact with over almost the entire 
area of the outer circumference of the load application 55 
member 126, and then, the elastic member 123 and the 
thin plate member 151 are arranged on almost the 
entire zone of the inner circumference of the operation 



ring 105. However, it may be possible to arbitrarily set 
the slidably contact area of the elastic member 123 and 
thin plate member 151 in the circumferential direction. 
For example, the elastic member 123 and the thin plate 
member 151 may be divided into several portions in the 
circumferential direction or the configuration may be 
arranged so as to press the load application member in 
a range of angle arbitrarily. 

As above-mentioned in an optical barrel of the 
present invention and an optical apparatus using the 
optical barrel thereof, an elastic member is installed on 
the inner circumferential surface side of the operational 
member as described above, and the optical barrel 
main body is installed with a load application member 
that applied loads onto the operational member by 
being slidably in contact with the elastic member 
through viscous fluid. Therefore, when the load applica- 
tion member is displaced to change the slidably contact 
area between the elastic member and the load applica- 
tion member, it becomes possible to change the loads 
to be applied on the operational member. As a result, 
the loads given to the operational member can be set in 
good condition both for th£ manual and electric drive 
operations, and for the manual operation, the loads to 
be applied on the operational member can be set by the 
operator as he desires. 

Also, as compared with the conventional structure 
where an elastic member is fixed on a load application 
member side, and then, the outer circumferential sur- 
face of the elastic member is slidably in contact with the 
inner circumferential surface of an operational member, . 
the present invention makes it easier to arrange the 
structure so that viscous fluid can hardly flow around 
and exude, or produce any other unfavorable effects in 
this aspect and to arrange such structure more com- 
pactly as well. 

Now, with reference to Fig. 21 to Fig, 29, the 
description will be made more in detail of a further 
embodiment of the optical barrel and optical apparatus 
in accordance with the present invention. Here, a photo- 
taking lens is illustrated as an optical barrel, and a tele- 
vision camera is exemplrf ied as an optical apparatus for 
the present embodiment 

Fig. 21 is a side view which shows the phototaking 
lens unit of the optical apparatus embodying the present 
invention. Fig. 22 is a rear view which shows the photo- 
taking lens shown in Fig. 2t. 

The optical apparatus (television camera) of the 
present embodiment comprises the television camera 
main body (not shown) and a phototaking^lens 201 and 
a driving unit 202, which are shown in Fig. 21 and Fig. 
22, respectively. 

For the fixed barrel 203 which serves as a support- 
ing member that constitutes a part of the barrel of the 
phototaking lens 201, substantially cylindrical operation 
rings 204, 205, and 206 are rotatively provided to oper- 
ate a focus lens, a zoom lens, and an iris, respectively. 
The driving unit 202 is structured to electrically 
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drive the operation ring 205 which serves as an opera- 
tional member for use of the zoom lens, for example. For 
the driving unit 202, an operational member 202a is 
installed to electrically operate the operation ring 205as 
shown in Fig. 21. 

Fig. 23 and Fig. 24 are views which illustrate the 
driving mechanism of the driving unit of the optical 
apparatus. 

As shown in Fig. 23, the driving unit 202 is installed 
with a tooth 205a formed on the outer circumference of 
the operation ring 205. The tooth 208a of the intermedi- 
ate gear 208 is meshed with this tooth. The intermedi- 
ate gear forms a part of a transmission changing 
mechanism slidably supported on a shaft 207. The pin 
210 of a clutching plate 209 is engaged with the inter- 
mediate gear 208, to move the intermediate gear 208 
forward and backward by the rotation of the clutching 
plate 209. The intermediate gear 208 is meshed with an 
output gear 21 1 . The output gear 21 1 is connected with 
the driving motor (electrical driving means) 213 through 
transmitting means 212. In this case, a sleeve 215 is 
fixed by a pin 21 6 to the output shaft 21 4 of the transmit- 
ting means 212. The output gear 211 is rotatively 
mounted on the sleeve 215. Further, the sleeve 215 is 
biased by a spring 218 through a sliding washer 21 7. 

In this way, the output gear 211 is rotatively 
mounted on the sleeve 215. The sleeve 215 is biased by 
the spring 218 through the sliding washer 217, thus con- 
stituting a torque limiter. If the lens cannot move more 
than the zooming end, for example, and the load applied 
on the operation ring 205 becomes excessive, the trans- 
mitting driving power is restricted between the driving 
motor 213 and the operation ring 105. Then, when the 
operation ring 205 is manually operated, the clutching 
plate 209 rotates around the shaft 209 as shown in Hg. 
24, thus releasing the meshing state between the inter- 
mediate gear 208 and the output gear 21 1 . 

Fig. 25 is a partially sectional view of an optical bar- 
rel, which shows the relational arrangement of the fixed 
barrel, supporting member and load adjustment knob. 
Fig. 26 is a partial plan view which shows the optical 
barrel shown in Fig. 25. Fig. 27 is a plan view which 
shows the load adjustment knob. Fig. 28 is a plan view 
which shows the state of arrangement of the fixed bar- 
rel, operation ring, and supporting member shown in 
Fig. 25. Fig. 29 is a structural view which schematically 
shows the manual/electric drive switching mechanism. 

On the outer circumferential surface of the support- 
ing member 231, an elastic member 232 is provided to 
serve as a pressure member as shown in Fig. 25 and 
Fig. 28. On the outer circumferential surface of the elas- 
tic member 232, a thin plate member 233 is installed as 
a ring type member for the slidably contact thereof. The 
thin plate member 233 is fixed to the supporting mem- 
ber 231 by a fixing screw 234. Here, the structure is 
arranged so that the outer circumferential surface of the 
thin plate member 233 and the inner circumferential sur- 
face of the operation ring 205 may generate the slidably 



contact resistance which is made adjustable. 

The thin plate member 233 serves as a slidable 
pressure contact portion 233a the outer circumferential 
surface of which is capable of pressing the inner circum- 

5 ferential surface of the operational ring 205 by means of 
elasticity of the elastic member 232. Then, the slidable 
pressure contact portion 233a is structured to press the 
operation ring 205 with a sliding resistance which is 
larger than the sliding resistance of the slidable contact 

10 portion 231a of the fixed barrel 203 of the supporting 
member 231. 

As shown in Fig. 25, the structure is arranged so as 
to make the operation ring 205 bias to the fixed barrel 
203 in the optical axis direction by means of the fixed 

15 ring 235 fixed to the fixed barrel 203. Thus, the opera- 
tion ring is made rotative without backlash. On the sup- 
porting member 236 which is provided on the fixed ring 
235, the load adjustment knob (driving mechanism 
operation unit) 237 is rotatably arranged, which consti- 

20 tutes load adjustment means (driving mechanism). For 
the load adjustment knob 237, an adjustment pin 238 is 
installed. The adjustment pin 238 is fitted into a groove 
231b arranged for the supporting member 231 passing 
through a circularly elongated hole 235a provided on 

25 the fixed ring 235. 

In accordance with the present embodiment, the 
adjustment pin 238 is made eccentric with respect to 
the load adjustment knob 237, for example. Then, fol- 
lowing the rotational amounts of the load adjustment 

30 knob 237 which rotates around the direction orthogonal 
to the optical axis direction, the amount of such move- 
ment of the adjustment pin 238, which takes place in the 
optical axis direction, is transferred to the supporting 
member 231. Then, it is arranged so as to change the 

35 contact areas (slidably contact zones) of the slidable 
pressure contact portion 233a of the thin plate member 
233, which is slidably in contact with the operation ring 
205. Further, as shown in Fig. 27, on the circumference 
of the supporting portion of the load adjustment knob 

40 237 of the supporting member 236, a "LIGHT indica- 
tion label 239 and a "HEAVY" indication label 240 are 
affixed to specify that if the load adjustment knob 237 is 
caused to rotate clockwisely, the contact area between 
the operation ring 205 and the thin plate member 233 is 

45 increased, and that if the rotation is reversed, such area 
is decreased. The labels 239 and 240, and the calibra- 
tions arranged between them constitute an index unit 
that shows the degree of load to be applied on the oper- 
ation ring 205 depending on the changes of slidably 

so contact zone of the slidable pressure portion §33a of the 
supporting member 231 . 

Also, the rotation of the operation ring 205 is trans- 
mitted to the lens driving unit 242 in the fixed barrel 203 
by way of a pin 241 . A zoom lens (not shown) is then 

5$ caused to move in the optical axis direction. 

Thus, as shown in Fig. 29, the supporting member 
231 is switched by means of switching operation knob 
250 so as to be operated electrically or manually. Here, 
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an eccentric cam 251 is integrally formed with the 
switching operation knob 250. The eccentric cam 251 is 
arranged in the hole 253 which is arranged in a sliding 
plate 252. Both ends of the sliding plate 252 are slidably 
supported by an installation base plate 257 by means of 5 
supporting plates 254 and 255. The sliding plate is 
biased toward the supporting member 231 by means of 
a flat spring 256. For the sliding plate 252, a triangle- 
toothed, knurled, or some other simple gear 252a is 
installed to be meshed with the tooth 231c of the sup- w 
porting member 231. 

In this respect, the elastic member 232 is formed by 
material, such as sponge rubber, having resistance to 
the aged deterioration and good resistance to oil, as 
well as the capability of absorbing the irregularities of 15 
the slidably contact surface (slidable pressure contact 
portion 233a). This member is structured to bias the thin 
plate member 233 with an even and reasonable force to 
enable it to press the inner circumferential surface of the 
operation ring 205. 20 

Also, the thin plate member 283 is formed by metal, 
synthetic resin, or the like preferably in a thickness of 
0.05 to 0.15 mm, having the size that makes it possible 
to enable its outer circumferential surface to be slightly 
in contact with the inner circumferential surface of the 25 
operation ring 205. In consideration of the event that the 
operation ring 205 is off from the thin plate member 233, 
a part of the thin plate member 233 is bent, and at the 
same time, the operation ring 205 is chamfered so as to 
prevent the corner of the operation ring 205 from being 30 
hooked by the thin plate member 233. 

The elastic member 232 and thin plate member 233 
are provided on the supporting member 231 after the 
convex posture thereof has been adjusted by means of 
a jig or the like. 35 

Further, viscous fluid, such as grease, having an 
appropriate viscosity is installed between the thin plate 
member 233 and the operation ring 205 in order to 
apply a desired load. With the thin plate member 233, 
the operation ring 205, and grease, the portion (slidable 40 
pressure contact portion 233a) is formed to generate a 
first load to be applied on the operation ring 205. In this 
respect, grease generates viscous resistance to install 
the smooth stability for the operation ring 205 without 
any sense of hooking, rolling, slipping, or the like, and at 45 
the same time, it is arranged to apply loads so that a 
sense of lightness is given at the time of slower rotation, 
while a sense of heaviness at the time of faster rotation. 

Here, the reason why the thin plate member 233 
and the operation ring 205 are arranged to be slightly in so 
contact evenly with each other is that in a case where an 
excessive gap is given between the thin plate member 
233 and the operation ring 205 so as not to allow them 
to be in contact, slippage may take place when handling 
the operation ring 205 or the operating sense becomes ss 
extremely unfavorable, and that, on the contrary, if the 
outer diameter of the thin plate member 233 is made 
larger than the inner diameter of the operation ring 205 



so as to allow it to be in contact with the operation ring 
205 intensively, sliding resistance is created by friction 
in addition to the viscous resistance of grease, hence 
making sliding resistance stronger in some cases, with 
a fear that dryness may be sensed when handling the 
operation ring. 

For the optical apparatus installed with the photo- 
taking lens structured as described above, the switching 
operation knob 250 is switched to the electric drive if the 
operation ring 205 should be used for the electric drive. 
In other words, with the operation of the switching oper- 
ation knob 250, both the intermediate gear 208 and the 
sliding plate 252 are moved simultaneously 

The structure is then arranged so that when the 
switching operation knob 250 rotates toward the electric 
driving side, the clutching plate 209 rotates to the right 
through an interlocking mechanism (not shown) to ena- 
ble the intermediate gear 208 to be meshed with the 
operation ring 205 (see Fig. 23). Also, when the switch- 
ing operation knob 250 rotates to the electric driving 
side, the eccentric cam 251 shown in Fig. 29 rotates to 
release the meshing between the gear 252a of the slid- 
ing plate 252 and the tooth 231 c of the supporting mem- 
ber 231. In this way, the driving power from the driving 
motor 213 is conditioned to be transmittable to the oper- 
ation ring 205, while the supporting member 231 is 
made to be rotatable. At this juncture, the slidably con- 
tact portion between the fixed barrel 203 and the sup- 
porting member 231 becomes a portion that applies a 
second load on the operation ring 205. 

When driving power is given to the operation ring 
205 in this state, the first load, which is the sum of the 
viscous resistance of grease and the friction resistance 
between the thin plate member 233 and the operation 
ring 205 (slidable pressure contact portion 233a), is set 
greater than the second load, namely, the sliding resist- 
ance between the fixed barrel 203 and the supporting 
member 231 (slidably contact portion 231a). As a result, 
the operation ring 205 and the supporting member 231 
are allowed to rotate together with respect to the fixed 
barrel 203. 

In this case, the load to be applied on the operation 
ring 205 is determined by the sliding resistance 
between the fixed barrel 203 and the supporting mem- 
ber 231. Therefore, the operation ring 205 becomes 
rotatable by operation that it receives only an extremely 
small sliding resistance constantly 

In other words, the lens driving system 242 can be 
rotated without applying any considerable load on the 
driving motor 213. Also, if the load to the operation ring 
205 should become more than a predetermined value, 
such as an event that the lens driving system 242 has 
moved to the operation end, and that it comes to an 
abrupt stop, the torque limiter mechanism of the driving 
unit 202 functions so that the sleeve 215 slides with 
respect to the output gear 21 1 to suspend the rotation of 
the output gear 211. In this way, the tooth 205a, tooth 
208a and others are prevented from being damaged. 
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, On the other hand, when the operation ring 205 is 
handled manually, the switching operation knob 250 is 
switched to the manual operation side. Here, the struc- 
ture is arranged so that the. clutching plate 209_ rotates 
toward the left to release the meshing state between the 5 
intermediate gear 208 and the operation ring 205 (see 
Fig. 24). Also, when the switching operation knob 250 is 
switched to the manual operation side, the eccentric 
cam 251 shown in Fig. 29 rotates to allow the simple 
gear 252a of the sliding plate 252 to be meshed with the 10 
tooth 231a of the supporting member 231. In this way, 
the transmission of the driving power is interrupted 
between the driving motor 213 and the operation ring 
205. At the same time, the rotation of the supporting 
member 231 is blocked with respect to the fixed barrel 15 
203. 

When the operation ring 205 is manually handled in 
this state, a first load is applied on the operation ring 
205 by means of the sum of the friction resistance on 
the pressure contact portion 233 and the viscous resist- 20 
ance of grease corresponding to the contact area 
between the thin plate member 233 and the operation 
ring 205 (the zone of the pressure contact portion 
233a). Then, it is made possible for the operator to 
rotate the operation ring 205 with an appropriately 25 
adjusted load. 

Here, if it is required to adjust the load to be applied 
on the operation ring 205, the load adjustment knob 237 
should be operated to rotate in the direction toward the 
"LIGHT indication label 239 or toward the "HEAVY" 30 
indication label 240. Then, the supporting member 231 
moves in the optical axis direction to change the contact 
area between the thin plate member 233 and the oper- 
ation ring 205. In accordance with the changes of the 
contact area, the viscous resistance of grease changes. 35 
hence applying a desired load on the operation ring 
205. 

As described above, in accordance with the present 
embodiment, it is possible to apply a desired load on the 
operation ring 205 by causing the supporting member 40 
231 to move in the optical axis direction with respect to 
the operation ring 205 so that the operator himself can 
adjust the load applied to the operation ring 205 he 
desires depending on the object of photography, the 
phototaking environment, or the like. Also, at the time of as 
electric driving operation, the operation ring 205 can 
rotate with the load applied on it, but receives only an 
extremely small sliding resistance constantly between 
the fixed barrel 203 and the supporting member 231. 
Therefore, the rotational speed of the operation ring 205 so 
can be increased or the dissipation of electric power can 
be reduced. 

Also, the thin plate member 233 is closely in contact 
with the operation ring 205 by means of the slidable 
pressure contact portion 233a. As a result, it becomes ss 
possible to apply a desired load on the operation ring 
205 immediately after the supporting member 231 is 
moved in the optical axis direction. Then, since the thin 



plate member 233 and the operation ring 205 are natu- 
rally in contact with each other, it is possible to prevent 
the occurrence of any abrupt motion or the like the oper- 
ation is actuated. When the.rotation should be reversed, 
the operation ring 205 can follow the thin plate member 
233 in good condition. 

Moreover, since the structure is arranged to apply 
loads directly on the inner diameter of the operation ring 
205 by the utilization of the thin plate member 233, it 
becomes possible to make the unit compact to be suita- 
bly adopted for a lens barrel, such as a handy lens, the 
usable space of which is limited. Also, the structure is 
such that the operation ring 205 is sandwiched by the 
fixed barrel 203 and the fixed ring 235 in the optical axis 
direction. Therefore, the backlash of the operation ring 
205 is made extremely small in the optical axis direc- 
tion. 

Further, it may be possible to arrange the structure 
so that a clicking mechanism is installed for the inner 
side of the load adjustment knob 237 to make the multi- 
ple-staged load adjustment executable in a stepping 
fashion. Also, by the operation of the switching opera- 
tion knob 250, it is possible to switch over whether or not 
the driving motor 213 should be in contact, and whether 
or not the supporting member 231 should be made 
rotatable at the same time. As a result, the operation is 
made easier, while preventing any erroneous opera- 
tions in this respect. 

Now, with reference to Fig. 30 to Fig. 32, the 
description will be made of an optical barrel and an opti- 
cal apparatus in accordance with a further embodiment 
of the present invention. 

The optical barrel and the optical apparatus of the 
present embodiment are the same as those structured 
in accordance with the previous embodiment with the 
exception of the use of a sliding type load adjustment 
knob 213, which enables the supporting member 231 to 
move in the optical axis direction when the knob is oper- 
ated to slide with respect to the fixed ring 235, in place 
of the rotary type load adjustment knob 237 which ena- 
bles the supporting member 231 to move in the optical 
axis direction when the knob is operated to rotate with 
respect to the fixed ring 235. AH the other parts are 
arranged in the same manner as the previous embodi- 
ment. 

Fig. 30 is a partially sectional view of the optical 
barrel which shows the relational arrangement of the 
fixed barrel, operation ring, supporting member, and 
load adjustment knob. Fig. 31 is a partial plan view 
which shows the optical barrel shown in Fig. So. Fig. 32 
is a plan view which shows only the load adjustment 
knob. 

On the outer circumference of the fixed barrel 203, 
a supporting member 231 is rotatabiy arranged as 
shown in Fig. 30. This member constitutes a part of a 
substantially cylindrical operation load changing mem- 
ber. The supporting member 231 is released to be rota- 
tive for the electric driving operation by means of the 
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switching operation knob 250 that forms a part of the 
manual/electric drive switching operation means (rota- 
tion switching mechanism) described earlier. The sup- 
porting member is also fixed to the fixed barrel 203 so 
that its rotation is disabled at the time of the manual 5 
operation. 

On the outer circumferential surface of the support- 
ing member 231 , an elastic member 232 is provided as 
a pressure member as shown in Fig. 30. On the outer 
circumferential surface of the elastic member 232, a thin 10 
plate member 233 is provided also as a ring type mem- 
ber for the slidable contact thereof. The thin plate mem- 
ber 233 is fixed to the supporting member 231 by 
means of a fixing screw 234. Here, it is arranged to ena- 
ble the outer circumferential surface of the thin plate is 
member 233 and the inner circumferential surface of the 
operation ring 205 to generate a siidably contact resist- 
ance which is made adjustable. 

The thin plate member 233 is arranged to be a slid- 
able pressure contact portion 233a the outer circum- 20 
ferntial surface of which is made capable of pressing the 
inner circumferential surface of the operation ring 205 
by means of the elasticity of the elastic member 232. 
Then, the slidable pressure contact portion 233a is 
structured to be able to press the operation ring 205 by 25 
a siidably contact resistance which is greater than the 
siidably contact resistance of the siidably contact por- 
tion 231a of the supporting member 231 with respect to 
the fixed barrel 203. 

As shown in Fig. 30, the operation ring 205 is struc- 30 
tured to be rotatable without backlash by being biased 
to the fixed barrel 203 in the optical axis direction by 
means of the fixed ring 235 fixed to the fixed barrel 203 
by fixing screws. For the holding member 236 installed 
on the fixed ring 235, a load adjustment knob (driving 35 
mechanism operation unit) 243, which constitutes load 
adjustment means (driving mechanism), is rotatively 
arranged. For the load adjustment knob 243, an adjust- 
ment pin 238 is installed. The adjustment pin 238 is fit- 
ted into the groove 231b installed for the supporting 40 
member 231 through an elongated hole 235a to be 
described later, which is drilled on the fixed ring 235. 

Here, for the load adjustment knob 243, an elon- 
gated groove 243a is arranged in the optical axis direc- 
tion, for example. Then, for the fixed ring 235, a linearly 45 
elongated groove 235a is arranged at an arbitrary angle 
to the elongated groove 243a of the load adjustment 
knob 243, for example (see Fig. 32). In this way, when 
the load adjustment knob 243 is operated to rotate 
around the optical axis direction, the adjustment pin 238 so 
moves in the optical axis direction through the elon- 
gated hole 335a of the fixed ring 235, while being 
rotated. As a result, the supporting member 231 moves 
so as to change the contact areas (siidably contact 
zones) of the slidable pressure contact portion 233a of 55 
the thin plate member 233 with respect to the operation 
ring 205. Further, as shown in Fig. 32, a "LIGHT indica- 
tion label 239 and a "HEAVY" indication label 240 are 



affixed to both movable ends of the load adjustment 
knob 243 of the fixed ring 235. Thus, it is specified that 
when the load adjustment knob 243 is caused to rotate 
toward the label 239 side, the contact area between the 
operation ring 205 and the thin plate member 233 
decreased, while it is increased when the rotation of the 
knob is reversed. The labels 239 and 240, and calibra- 
tions 236a arranged between them constitute an index 
unit that indicates the degree of load to be applied on 
the operation ring 205 corresponding to the changes of 
the siidably contact zone of the slidable pressure con- 
tact portion 233a of the supporting member 231 . 

Also, as a method for converting the rotational 
amount of the load adjustment knob 243 rotating about 
the optical axis direction into the amount of movement 
of the supporting member 231 in the optical axis direc- 
tion, it may be possible to utilize a screw or the like or 
some other rotation and linear motion conversion mech- 
anism other than the cam mechanism which is formed 
by the combination of the elongated groove 243a of the 
load adjustment knob 243, the elongated hole 235a of 
the fixed ring 235, and the adjustment pin 238. 

Now, as described above, for the optical barrel and 
the optical apparatus of the present embodiment, the 
slidable pressure contact portion 233a is arranged to 
apply a load greater than the sliding resistance of the 
siidably contact portion 231a of the fixed barrel 203 on 
the operation ring 205 side of the supporting member 
231 which is rotative, while being siidably in contact with 
the fixed barrel 203 (barrel main body) and operation 
ring 205 between them. Therefore, at the time of the 
electric driving operation of the operation ring 205, it 
becomes possible to lighten the sliding resistance 
against the fixed barrel 203, thus enhancing the rota- 
tional speed of the operation ring 205. Then, at the time 
of the manual operation of the operation ring 205, the 
sliding resistance is increased against the operation 
ring 205. Therefore, it is possible to eliminate the disad- 
vantage that the operation ring 205 tends to rotate eas- 
ily just by light touch given to the operation ring 205. 

Moreover, since the supporting member 231 is 
arranged to be movable in the optical axis direction, the 
load to be applied on the operation ring 205 can be set 
suitably for the rotational operation both for the manual 
and electric driving of the operation ring 205. At the 
same time, it is made possible to adjust the load to be 
applied on the operation ring 205 at the time of the man- 
ual operation. Therefore, the user~(operator) can adjust 
it as he desires depending on the object of the photog- 
raphy, the phototaking environment or thejike. 

Further, since the structure is arranged in such a 
manna- that the supporting member 231 itself is mova- 
ble in the optical axis direction, it becomes possible to 
make (the diameter of) phototaking lens (optical barrel) 
201 smaller. 

For the embodiments of the present invention, the 
description has been made of the operation ring 205 for 
use of the zoom lens of the phototaking lens 201 as the 
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objective operational member of the optical barrel on 5. A lens barrel according to Claim 1 , wherein said sli- 

which the load is applied. Such operational member dable contact member is ring-shaped with respect 

may be the operation ring 204 for use of a focus lens or to the optical axis. 

the operation ring 206 for use of an iris operation. To 

sum up, the present invention is applicable to any one of 5 

the operational members that may require the manual 

or electrically driven rotational operation. 

Also, a television camera that mounts a phototaking 
lens 201 therefor is exemplified as the optical apparatus 
embodying the present invention. However, the present 10 
invention is not necessarily limited thereto. It may be 
applicable to an optical apparatus, such as a film cam- 
era, on which a phototaking lens can be detachably and 
exchangeably mountable. 

As described above, in accordance with the present 15 
invention, there is installed a load changing member 
having a slidable contact operational member between 
the main body of a barrel and the operational member, 
and then, the area of slidably contact zone of the load 
changing member, which is slidably in contact with the 20 
operational member, is made movable in the optical axis 
direction. Therefore, it is possible to materialize a com- 
pact optical barrel and an optical apparatus using such 
optical barrel in which the load to be applied on the 
operational member can be set suitably at the time of 25 
the rotational operation thereof or it can be adjusted as 
desired by the operator at the time of the manual oper- 
ation thereof. 

Claims 30 
1 . A lens barrel comprising: 



an optical lens having an optical axis; 
an operation ring substantially cylindrical oper- 35 
ated about the optical axis in order to move 
said optical lens along the optical axis; and 
a slidable contact member slidably in contact 
with the inner circumferential surface of said 
operation ring, said slidable contact member 40 
providing a predetermined load against said 
inner circumferential surface. 

2. A lens barrel according to Claim 1 , wherein said sli- 
dabl contact member is movable in the optical axis 45 
direction, wherein the operational torque of said 
operation ring is changed when an area with 
respect to said inner circumferential surface is 
changed. 

so 

3. A lens barrel according to Claim 1, wherein said 
operation ring is rotatable about said optical axis. 

4. A lens barrel according to Claim 1, wherein said 
barrel has a motor for driving said operation ring, ss 
wherein said motor drives said operation ring and 
said slidable contact member together. 
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